Objectives: To provide valid predictions of outcome, the variables included in a prognostic model must be capable of reliable collection. The authors have recently reported a set of simple but rigorously developed models that predict outcome after stroke. The aim of this study was to establish the inter-rater reliability of the variables included in the models. Methods: Inter-rater agreement was measured prospectively (between two clinicians; 92 patients) and retrospectively (between two auditors; 200 patients) and the validity of the data collected retrospectively was estimated by comparing them with data collected prospectively (195 patients). In the prospective study inter-rater agreement for urinary incontinence and for the variables of three other previously published models was also measured. The median difference (md) between ages and κ statistics for other variables was calculated.
A ccurate predictions of outcome made soon after the onset of stroke have a number of important applications, such as: informing communication with patients and relatives; supporting treatment decisions; improving stratification of patients in randomised controlled trials; and improving comparisons of observational data by allowing for better adjustment for casemix. Unfortunately, despite many attempts to develop statistical models predicting outcome after stroke, none have achieved widespread acceptance, partly because none have been rigorously developed. 1 2 One important aspect of quality that has often been overlooked by those developing models is the reliability of the predictive variables-that is, how reproducible the variables are when measured again by the same person (intra-rater reliability) and when measured by two or more different people (inter-rater reliability). [2] [3] [4] As prognostic models may be used by a wide variety of different people, inter-rater reliability is particularly important. 3 The few data that do describe the inter-rater reliability of predictive variables for patients with stroke mostly relate to items included in the standard neurological examination or in certain stroke scales. [5] [6] [7] When the reliability of variables included in prognostic models has been studied, some have been found to include variables with poor inter-rater reliability, for example, the Mathew score, included in the Uppsala model, has a low inter-rater reliability in patients with stroke. 8 9 Furthermore, many existing models were developed from or are applied using data collected from the medical record. 2 Retrospective data such as these may be less reliable and less accurate than prospectively collected data and might be expected to result in flawed models or inaccurate predictions of outcome. [10] [11] [12] However, the inter-rater reliability and the accuracy of retrospectively collected predictive data for patients with stroke has been little studied. [13] [14] [15] [16] [17] We have recently reported a set of prognostic models for patients with acute and sub-acute stroke. 18 Each model is based on the same six simple clinical variables (age; living alone before the stroke; pre-stroke functional independence; normal verbal Glasgow Coma Scale score; ability to lift both arms against gravity; ability to walk unaided), all of which can be collected at the patient's bed side. We developed the models according to established guidelines using a training dataset taken from the Oxfordshire Community Stroke Project and have shown that they predict survival and functional status accurately in two large and independent cohorts. 18 The models have already been used to adjust for differences in casemix between cohorts of patients managed in different hospitals and to stratify patients in clinical trials on the basis of baseline predicted risk. [19] [20] [21] [22] As such, our models are not only practical and widely applicable but also the most rigorously developed and tested to date. The aim of this study was to determine the inter-rater reliability of the variables included in our models. We estimated their inter-rater reliability when collected prospectively (at the patient's bed side) and when collected retrospectively (from the medical record). We compared the inter-rater reliability of our prospectively collected model variables with that of urinary incontinence (probably the single most important predictive variable in stroke) 23 24 and the variables of three previously published models. 18 25-27 We also estimated the accuracy of our retrospectively collected data by comparing them with prospectively collected data.
METHODS
We tested the reliability of data collection in three different ways and used a different group of patients for each:
Prospective clinical assessment
We measured agreement between prospective observers in a consecutive cohort of 92 patients with an acute stroke admitted to the Western General Hospital, Edinburgh between March 1997 and September 1997. Two neurology trainees (NW and CC) examined each patient on the same day, blind to the findings of the other and collected data on several predictive variables (table 1) . Where possible, the definitions of the variables of the previously published models were taken from the original papers. Information on each variable was collected from the patient themselves or, where necessary (for example, if the patient was confused or dysphasic), by interviewing the relatives and searching the hospital notes.
Retrospective data collection from routine medical records We measured agreement between retrospective observers in 200 patients with an acute stroke admitted to any of five Scottish hospitals between August 1995 and July 1997 and who were included in a previously reported study. 19 A neurology trainee (NW) and an audit assistant (AG) independently extracted the predictive variables from the medical record pertaining to the day of admission (including the nursing entries).
Retrospective compared with prospective data collection We measured the agreement between retrospective and prospective data collection in 195 patients with an acute stroke admitted to the Western General Hospital, Edinburgh between August 1995 and July 1997 and who were included in both the previously reported study 19 and our prospective stroke register. One of five neurology trainees collected the predictive variables at the patient's bed side on the day or day after admission. We compared these data with those abstracted by an audit assistant (AG) from the patient's medical record (including the nursing entries) pertaining to the day of admission.
Statistical analyses
We measured agreement using the methods suggested by Altman. 28 For age, we calculated the median difference between the observers with 5th to 95th centiles. For categorical variables we calculated the simple proportion of agreement between observers, the κ value and the 95% confidence intervals 29 and, where appropriate, a weighted κ. The κ value describes agreement beyond chance and, in general, κ values of 0 to 0.20 indicate poor agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60 moderate agreement, 0.61 to 0.80 good agreement, and 0.81 to 1.00 excellent agreement. 28 Systematic disagreement can be identified by inspecting the data in a contingency table, its presence being revealed by imbalance in the "off diagonal" cells. We estimated the significance of any such suspected bias using McNemar's test. 30 We performed all calculations using SPSS (version 6.1 for Windows) and the Confidence Interval Analysis program (version 1.0).
RESULTS

Prospective clinical assessment
The median interval between stroke onset and clinical assessment was one day (interquartile range 0 to 3 days). The mean delay between the two assessments (by NW and CC) was 3.5 hours (SD 1.5 hours). We collected data on urinary incontinence in only 86 patients. The median difference in the assessment of age between the two observers was zero years (5th to 95th centiles 0 to 0 years). The observers agreed precisely on age in 80 patients (87%) and disagreed in 10 patients by up to four days and in two patients by up to two years (the differences were attributable to discrepancies between the medical notes and patient or because confused patients gave different dates of birth). The inter-rater reliability of the other predictive factors are shown in table 2. We achieved good to excellent agreement for the five categorical variables included in our own simple models. Of these, the lowest level of agreement (κ 0.67) was for pre-stroke independence in the activities of daily living (disagreement was partly systematic (z 2.41, p 0.016); with NW less likely to judge patients independent than CC). We achieved excellent agreement on urinary incontinence and moderate to excellent agreement on all other predictive variables assessed, except for the identification of "total anterior circulation stroke" on which agreement was only fair. Taken as a set, we achieved a higher level of agreement for the predictive variables included in our own models than for those included in the three previously published models.
Retrospective data extraction from routine medical records The median difference in the assessment of age between observers was zero years (5th to 95th centiles 0 to 0 years). The observers agreed precisely on age in 194 cases (97%) and differed by one year in four cases, two years in one case, and 10 years in one case (discrepancies were attributable to transcription error by the observers and to differences in dates in different parts of the medical record). The inter-rater reliability of the remaining variables in our simple models ranged from good to excellent except for the ability to walk unaided where agreement was "upper" moderate (κ 0.55) (table 2). For pre-stroke independence and the verbal GCS score disagreement was partly systematic (z 2.01, p 0.044 and z 2.89, p 0.004, respectively); in each case, NW was less likely to judge the patient to be independent or normal than AG.
Retrospective versus prospective collection
We collected data prospectively on the day of admission in 35 patients and on the day after admission in 160 patients. The median difference in the assessment of age between retrospective and prospective observers was zero years (5th to 95th centiles 0 to 0 years). The observers agreed precisely on age in 186 cases (95%) and differed by one to three days in eight cases and seven months in one case. The inter-rater reliability (the validity) of extracting the categorical variables of our simple models from the medical record ranged from moderate to excellent (table 2), although the level of agreement was always less than that achieved by two prospective observers. Disagreement on pre-stroke functional independence was partly systematic (z 4.23, p<0.0001), with the retrospective observer tending to judge the patient to be independent when the prospective observers did not.
DISCUSSION
This study shows that the six variables included in our simple models of outcome after stroke can be collected very reliably by clinicians at the bed side. It also suggests that, when collected prospectively, the inter-rater reliability of our variables is comparable to that of urinary incontinence and comparable to or better than that of the variables included in the three previously published models. Furthermore, when collected retrospectively, the variables included in our models remained reliable and reasonably valid. These findings further enhance the validity of our models and suggest that they can be successfully applied not only in clinical and research settings (where prospective data collection is likely) but also in the field of audit and quality control (where retrospective data collection is more often the case). The satisfactory reliability of the variables in our models is likely to reflect our decision to exclude, as far as was possible, those variables with known or presumed low reliability (for example, sensory impairments) and variables that are informative in only a small proportion of patients (for example, bilateral extensor plantar reflexes) during model development. 18 It is notable that the less reliable variables included in the other models that we studied were often complex or required skilled interpretation of clinical findings, or both. The Edinburgh and Orpington models also include variables with three or more categories and such variables always have lower κ values than dichotomous variables. 28 The lower inter-rater reliability of some of the variables in the other models may partly explain their poor performance when tested in independent cohorts. 23 Of our six variables, we achieved the lowest level of inter-rater agreement over the three assessments for the variable describing functional independence in activities of daily living before the stroke (κ 0.49-0.67). In each assessment, disagreement between observers was partly systematic. Discussion revealed that this was because of minor variation between observers in the definition of activities of daily living. More reliable assessments of functional independence might be possible if a checklist were used to specify the ADLs that should be considered and the threshold at which the patient should be considered dependent. While ADLs are often taken to include washing, dressing, feeding, toileting, and mobilising, 31 it is less clear, for instance, whether bathing or shopping should be included as these are not necessarily daily activities. A definition of functional independence that excludes bathing and shopping would probably be sensible given the importance of environmental factors in determining abilities in these areas (bath or shower; distance from shops).
Comparisons of inter-rater reliability data between different populations should be performed cautiously as the level of agreement achieved between observers is partly governed by the prevalence of the attribute within each population. 28 None the less, as might have been expected, we found generally better agreement between observers when data were collected prospectively than when they were collected retrospectively. In particular, the ability to walk unaided was extremely reliable when assessed prospectively but only moderately reliable when assessed retrospectively. Reviewing the hospital notes showed that this discrepancy was probably because of the infrequency with which physicians specifically record the ability to walk soon after admission. These findings support the idea that if models such as ours are to be used routinely (for example, to adjust for differences in casemix 19 ) it would be preferable for the clinicians to explicitly record the variables in the notes using standard definitions, perhaps on a clerking form. 32 This study is important because we have used large samples to establish the reliability of the variables in our models in the environments in which they might realistically be used. However, the study also has certain shortcomings. Firstly, we performed two of our three assessments in the population of only one hospital and secondly, our data collection was performed either by trainee neurologists with an interest in stroke or by an experienced audit assistant. Whether these high levels of reliability and validity can be replicated in other populations and by other, less experienced observers remains to be established. Thirdly, our study has not considered the inter-rater reliability of the variables included in our models in patients with hyper-acute stroke. However, few such patients were included in the cohorts used to develop and test our models and therefore the relevance of our models to hyper-acute stroke also remains uncertain. Fourthly, it might be argued that familiarity led us to achieve higher levels of agreement for the variables included in our own models than for those included in models developed by others. However, beyond those encountered in daily clinical practice, neither NW nor CC had collected our model variables before the study. Lastly, our study has not compared the predictive accuracy of our models with that of the other models studied. However, this was not the aim of our study and, to be informative, would have required a much larger sample size; furthermore, the predictive accuracy of all the models in this study has been studied previously.
In conclusion, this study suggests that the variables in our simple models of outcome after stroke are very reliable when prospectively collected and reasonably reliable and valid when retrospectively collected. It is probable that the reliability of data collection would be improved if our variables were more explicitly defined and, for retrospective purposes, explicitly recorded in the routine medical record.
